Although the main transmitters of rabies in Brazil are dogs and vampire bats, the role of other species such as insectivorous and frugivorous bats deserves special attention, as the rabies virus has been isolated from 36 bat species. This study describes the first isolation of the rabies virus from the insectivorous bat Eumops perotis. The infected animal was found in the city of Ribeirão Preto, São Paulo. The virus was identified by immunofluorescence antibody test (FAT) in central nervous system (CNS) samples, and the isolation was carried out in N2A cell culture and adult mice. The sample was submitted to antigenic typing using a panel of monoclonal antibodies (CDC/Atlanta/USA). The DNA sequence of the nucleoprotein gene located between nucleotides 102 and 1385 was aligned with homologous sequences from GenBank using the CLUSTAL/W method, and the alignment was used to build a neighbor-joining distance-based phylogenetic tree with the K-2-P model. CNS was negative by FAT, and only one mouse died after inoculation with a suspension from the bat's CNS. Antigenic typing gave a result that was not compatible with the patterns defined by the panel. Phylogenetic analysis showed that the virus isolated segregated into the same cluster related to other viruses isolated from insectivorous bats belonging to genus Nyctinomops ssp. (98.8% nucleotide identity with each other).
INTRODUCTION
Rabies is an infectious disease caused by a Lyssavirus that belongs to the Rhabdoviridae family and infects all mammals. The main animal reservoirs are members of the orders Chiroptera and Carnivora. Bats are nocturnal animals and belong to the order Chiroptera, which consists of 18 families. The suborder Megachiroptera contains just one family, which is only found in the Old World. The suborder Microchiroptera is found throughout the world and consists of 17 families, 157 genera and 928 species 22 .
There are approximately 172 species of bats in Brazil, and according to data from the São Paulo State Rabies Control Program, the rabies virus has been isolated in a total of 36 hematophagous and nonhematophagous species. However, the most important species in epidemiologic terms is Desmodus rotundus, as these animals feed off the blood of mammals and are currently the main reservoir for the rabies virus in Brazil. They represent a potential risk to herbivores, pets and humans themselves 15 . In addition, the virus has been isolated in frugivorous and insectivorous species, showing that it circulates in non-hematophagous bat colonies. Bats from the Eumops perotis species belong to the Molossidae family and can be found in a variety of environments. Their main refuge consists of grottos, stones on high cliffs and tall buildings. In Brazil, the species has been recorded in the states of Amapá, Maranhão, Minas Gerais, Pará, Rio de Janeiro, Rio Grande do Sul and São Paulo. One of the recommended epidemiologic surveillance measures is to send bats that are found outside their natural habitat and in abnormal circumstances to a diagnostic laboratory. It was as part of such surveillance that the Pasteur Institute in São Paulo was sent a specimen that had been found during the daytime in an office in the city of Ribeirão Preto, in the state of São Paulo, by the County Zoonosis Control Center.
MATERIALS AND METHODS

Identification of the bat:
The bat was registered in the Pasteur Institute under number IP1607 and identified by its morphological and morphometrical characteristics, according to GREGORIN & TADDEI (2002) 12 .
Immunofluorescence antibody test (FAT): Slides prepared from the bat's CNS were submitted to FAT, as described by DEAN et al. (1996) 7 , and developed with polyclonal anti-nucleocapsid anti-rabies conjugate produced with hyperimmune rabbit serum by the Pasteur Institute in São Paulo.
Viral isolation in mice:
A suspension was prepared from the bat's CNS and inoculated intracerebrally in seven 21-day-old Swiss albino mice according to the technique advocated by KOPROWSKI (1996) 14 . Viral isolation in cell culture: A 20% suspension prepared from the bat's CNS was inoculated in a N2A murine neuroblastoma cell line according to the technique described by WEBSTER & CASEY (1996) 28 and modified by the Pasteur Institute.
Antigenic typing:
The slides prepared from the CNS of the mouse that died were submitted to antigenic typing using a panel of eight monoclonal antibodies provided by CDC Atlanta, USA, to characterize the variants isolated on the American continent 9 .
RT-PCR and DNA sequencing: Total RNA was extracted from the bat's CNS with TRizol® Reagent (Invitrogen) according to the manufacturer's instructions. Aliquots of "Challenge Virus Standard" (CVS) fixed virus and water were used as positive and negative controls, respectively.
Reverse transcription (RT) and polymerase chain reaction (PCR) were carried out with a 21G-sense primer (ATGTAACACCTCTACAATG) and the 304-antisense primer (TTGACGAAGATCTTGCTCAT), as previously described 20 . The amplified DNA fragment was purified with the GFX TM PCR DNA and Gel Band Purification kit (Amersham Bioscience), visually quantified with a Low DNA Mass Ladder (Invitrogen) and sequenced using the BigDye® Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) with the sense and antisense "primers" according to the manufacturer's instructions. The reactions were then resolved in an ABI-3130 automatic sequencer (Applied Biosystems TM ).
Phylogenetic analysis:
A 1478-bp region corresponding to the nucleoprotein gene (N) located between nucleotides 55 and 1533 of the PV virus (access number M13215.1) was analyzed. First, the raw sequencing data were edited using CHROMAS version 2.24 software (Copyright © 1998-2004 Technelysium Pty Ltd.). The final consensus sequence for sample IP1607 was aligned with homologous sequences in GenBank using the CLUSTAL/W method with the Bioedit program 13 and submitted to BLASTn for sequence confirmation. The alignments were then used to build a neighbor-joining distance-based phylogenetic tree using the Kimura two-parameter correction model with 1,000 replicates for statistical bootstrap support by means of the Mega 2.1 program 17 . The identities between the aligned sequences were calculated using the Bioedit program.
Nucleotide sequence accession numbers:
The nucleotide sequence data of nucleoprotein gene was submitted to GenBank and assigned accession number EF363729.
RESULTS
Identification of the bat:
The specimen was identified as a female that belonged to the family Molossidae, genus Eumops, species Eumops perotis. The specimen was later placed in the Zoology Museum of the University of São Paulo (MZUSP-32615).
FAT:
The slides prepared from the bat's CNS were negative for the rabies virus as no viral antigens or inclusion bodies.
Viral isolation in mice:
Only one became sick (on the 13 th day) and, after its limbs became paralyzed, died on the 17 th day. When the CNS from this mouse was submitted to FAT to confirm the presence of the viral antigen, it was found to be positive for rabies.
Viral isolation in cell culture:
After incubation for 96 h, the cells infected with the suspension produced from the CNS of the bat were submitted to fluorescent staining, and inclusion bodies.
Antigenic typing: As with Nyctinomops laticaudatus, Eptesicus furinalis and Eumops auripendulus isolates, antigenic typing of the sample did not produce reactivity compatible with the panel's pattern defined by the eight monoclonal antibodies provided by the CDC (Table 1) .
RT-PCR and DNA Sequencing: Sample IP1607 was positive by 
97
RT-PCR and yielded a 1478-bp fragment. No amplification could be found in the negative control, and no extra band was detected in the reaction.
Phylogenetic analysis: A total of 1478 nucleotides of the rabies virus genome located between nucleotides 55 and 1533 were analyzed, using the PV strain as a reference. A final sequence of 1284 nucleotides situated between nucleotides 102 and 1385 in the region of the N gene was obtained.
The topology of the phylogenetic tree showed four distinct "clusters" (Fig. 1 
DISCUSSION
The rabies virus is known, in Latin America, to have been present in hematophagous bats since the last century, when CARINI (1911) 2 reported an outbreak in the state of Santa Catarina, Brazil, and related rabies in herbivores to the presence of hematophagous bats. TORRES & QUEIROZ LIMA (1935) 25 reported isolation of the virus from Diphylla ecaudata, and later was reported isolation from Diaemus youngi in the state of Alagoas, Brazil 27 . However, isolation of the rabies virus in bats with other feeding habits was only first recognized internationally in the 50s, when a boy was attacked by the insectivorous bat Dasypterus floridanus (now called Lasiurus intermedius). Reports of the isolation of the virus in these bats and its subsequent identification by means of antigenic and/or genetic studies have become common throughout the world in recent years 1, 10, 11, 18, 19, 23 .
Factors related to the destruction of bats' natural ecosystems, as well as the fact that these animals are extremely versatile and can adapt to new environments, has meant that they have become synanthropic and can frequently be found in urban areas. Municipality with efficient epidemiologic surveillance, are thus more likely to find rabies-positive bats.
The existence of different rabies antigenic profiles, in isolates from CNS of different species of insectivorous bats was shown as early as in the first antigenic studies performed in Brazil 11 . Of these species, Nyctinomops laticaudatus had the greatest antigenic diversity.
Two species from genus Eumops (Eumops auripendulus 27 and Eumops glaucinus 16 ) have also been diagnosed as positive for rabies in Brazil, the first in one unknown city and the other in Franca, São Paulo State.
The purpose of FAT is to detect the virus in suspect samples. Thus, the negative result for the sample in this study can be attributed to the low concentration of the virus in the fragment analyzed, as its distribution in the CNS is known not to be homogeneous 4, 15, 21 . One hypothesis to explain the low concentration of the virus in the CNS could be that the animal in question was captured in the early stages of the disease 26 .
The antigenic variant of the virus isolated could not be determined using the panel of monoclonal antibodies, as it had a profile that was not compatible with the patterns defined by the monoclonal antibody panel from CDC. The use of monoclonal antibodies has contributed to an understanding of the epidemiology of the rabies virus and has allowed different species to be identified within the same genotype, as well as reservoir species to be identified and viral distribution and transmission in the wild to be determined 8, 24 . However, a number of studies have reported that rabies-virus isolates have not been antigenically characterized in Latin America using the monoclonal antibody panel provided by CDC 6, 29 . Phylogenetic analysis was carried out to determine the genetic relationships of the rabies virus isolated from the Eumops perotis bat (IP1607). This showed that the isolates from insectivorous bats formed a large cluster separated from that formed by isolates from hematophagous bats and that this large cluster was divided into subclusters, where species-specific isolates appeared to cluster (Fig.  1) . This suggests that these animals are hosts to a wide range of rabiesvirus strains, which in turn has implications for epidemiologic analysis and the assessment of bat-management strategies in urban areas.
Isolates of the rabies virus from species Nyctinomops laticaudatus segregated in subcluster 1A. This species belongs to the Molossidae family and is frequently found in the Southern, Southeastern and Central Western regions of Brazil. Both these species (Nyctinomops laticaudatus and Eumops perotis) feed exclusively on insects captured in full flight, suggesting that they may use the same ecological niches, which would explain the average intracluster identity of 98.8% and the results of the antigenic testing obtained previously 11 .
As a result of the increasing number of different species of insectivorous bats in Brazil infected with the rabies virus, these mammals have become potentially important transmitters of rabies to humans and domestic animals. This, together with the fact that these animals have multiple endemic cycles, makes more detailed studies of their role in the epidemiologic chain of rabies in Brazil necessary.
This study describes the first isolation of the rabies virus in an insectivorous bat from the family Molossidae, genus Eumops, species Eumops perotis in Ribeirão Preto Municipality, São Paulo, Brazil. The antigenic study suggested the high degree of identity between the virus isolated from Eumops perotis and that isolated from Nyctinomops laticaudatus, and this was confirmed by the phylogenetic study.
Genetic analysis was essential for molecular characterization of the isolate, since antigenic analysis gave an inconclusive result, as it had previously with the vast majority of variants isolated from insectivorous bats. Molecular characterization of isolates is essential in order to clarify epidemiologic aspects of rabies in bats, with a view to implementing measures related to bat management in urban areas and rabies control.
RESUMO
Caracterização antigênica e genética do primeiro isolado de vírus da raiva em morcego Eumops perotis no Brasil
No Brasil, embora os principais transmissores da raiva sejam cães e morcegos hematófagos, o papel de outras espécies, tais como morcegos insetívoros e frugívoros, merece atenção especial, uma vez que o vírus da raiva já foi isolado em 36 espécies de morcegos. Este estudo descreve o primeiro isolamento do vírus da raiva em um morcego insetívoro Eumops perotis. O animal infectado foi encontrado na cidade de Ribeirão Preto, São Paulo. O vírus foi identificado pelo teste de imunofluorescência direta (IFD) em amostras de sistema nervoso central (SNC), e o isolamento foi realizado em cultura de células N2A e em camundongos adultos. A amostra foi submetida à tipificação antigênica, utilizando um painel de oito anticorpos monoclonais (CDC/ Atlanta/USA). A seqüência de DNA do gene da nucleoproteína, localizada entre os nucleotídeos 102 a 1385, foi alinhada com seqüências homólogas presentes no GenBank, usando o método CLUSTAL/W e o alinhamento foi utilizado para a construção da árvore filogenética de distância "neighbor-joining" com o modelo K-2-P. O SNC testado foi negativo por IFD, e somente um camundongo morreu após inoculação com a suspensão do SNC do morcego. A tipificação antigênica apresentou resultado não-compatível com os padrões definidos pelo painel. A análise filogenética mostrou que o vírus isolado segregou no mesmo grupo relacionado com outros vírus isolados de morcegos insetívoros, gênero Nyctinomops ssp. (98,8% de identidade de nucleotídeos entre elas).
